agreement with those determined by iterative numerical solution of the exact nonlinear equations that govern such angles. For the approximation to be valid, the intensity reflectance of the film-substrate interface, evaluated at the critical angle of the film-ambient interface, must exceed 0.5.
Polarization of monochromatic or quasi-monochromatic light by reflection from a dielectric or metallic substrate coated by a dielectric thin film is well known.' For given optical constants of the (transparent) film and (absorbing) substrate, the required angles of incidence for zero reflection of the parallel (p) and perpendicular (s) polarizations are determined by transcendental equations that can be solved only iteratively. 2 In this communication, we derive simple explicit equations for the p-and s-polarizing angles of a film-substrate system.
The equations are approximate but accurate when the substrate reflectance is sufficiently high. High-reflectance (metallic) substrates (e.g., Ag or Al) are needed to achieve high throughput for the unextinguished component and hence a more efficient polarizer. 2 The basis for the approximation can be ascertained by considering Fig. 1 . In this figure, we plot the Fresnel-intensity reflectances 3 (1) of the ambient-film (ij = 01) and film-substrate (ij = 12) interfaces for the parallel (I = p) and perpendicular (P = s) polarizations as functions of the grazing angle of incidence 0 between the light beam and the reflecting surface. Suppression of a given (p or s) polarization on reflection is possible by interference in the thin film at the angle of incidence that makes the ambient-film and film-substrate interface reflectances equal, 2 ' 5 i.e., when
The points of intersection of the p and s pairs of reflectance curves, denoted by P and S, respectively, determine the cor- 
The first three terms of the Taylor-series expansion of the ambient-film Fresnel (amplitude-reflection) coefficients, valid near grazing incidence, can be written as 
where terms including On (n > 2) have been dropped.
At the polarizing angles, Yolp and lois, which appear on the left-hand sides of Eqs. (6a) and (6b), can be replaced by 1?12p(O) and J?12s(0), respectively, according to Eqs. (2) and (3) . Next, quadratic Eqs. (6) are solved for 0 to give (- 
In Eqs. (7) and (8) 
The exact polarizing angles, obtained by numerical iteration 1 (to bring I roilIr1 2 ,1 to within <10-6 of 1), are given by
The excellent agreement between the approximate and exact polarizing angles verifies the high accuracy of Eqs. (8).
From Eqs. (7) and (8) it is evident that the condition is too slight to justify paying further attention to the linear approximation.
We also compared the p-and s-polarizing angles calculated from our approximate Eqs. (8) with those (exact) angles obtained numerically by Ruiz-Urbieta and Sparrow.
2 Table 1 gives results for the two high-reflectance metals Ag and Al (normal-incidence reflectances R 0 = 97.9% for Ag and 92.2% for Al at X = 0.5 and 0.492 gim, respectively) and for film refractive indices of 1. gim). Poorer agreement is obtained, as expected. The disagreement becomes more pronounced as the reflectances R 1 2 0(0) approach 0.5, the lowest limit of validity of our approximate equations. Finally, we should mention that Eqs. (8) continue to hold when the metal substrate is replaced by a high-reflectance. multilayer substructure. In this case, Y?12() represents the reflectance of the film-substructure interface at external grazing incidence (6 = 0) for the v polarization.
